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SPECIFICATION 

(54) METHOD FOR MANUFACTURING A FIBER-STRUCTURED FOOD 
PRODUCT 

(57) Claims 

1. Method for manufacturing a fiber-structured food product 
comprising adding salt to the meat of a marine animal or of 
livestock, mixing/kneading the meat into a paste, spin- 
molding the paste into a fibrous form by discharging it into 
an aqueous solution of a protein denaturing agent through a 
nozzle having fine pores so that the fibrous structure 
having a mechanical strength as desired is formed, washing 
the fibrous structure as needed, and heating the fibrous 
structure . 

2. The method of Claim 1 wherein the protein denaturing 



agent is alum. 

3. The method of Claim 1 wherein the protein denaturing 
agent is ethyl alcohol. 

4. The method of Claim 1 wherein the protein denaturing 
agent comprises salt and acid, and the concentration of salt 
is 15 wt% or higher. 

5. Method for manufacturing a fiber-structured food product 
comprising adding salt to the meat of a marine animal or of 
livestock, mixing/kneading the meat into a paste, spin- 
molding the paste into a fibrous form by discharging it into 
edible oil through a nozzle having fine pores so that the 
fibrous structure is formed, and leaving the fibrous 
structure as it is, or warming or heating the fibrous 
structure as needed. 

Detailed Description of the Invention 

The present invention relates to a novel method for 
manufacturing a fiber-structured food product. 

Recently, methods for manufacturing fiber-structured 
food products have been proposed that comprise spin-molding 
various kinds of edible proteins into fibers to prepare 
fiber-structured food products therefrom. Some of those 
methods have been put into practical use, and fiber- 
structured food products thus obtained are cooked as they 
are to be served, or used as a material in the manufacture 
of other food products. For example, wet or dry spin- 



molding method for processing vegetable proteins has been 
known well, and practiced. However, the products 
manufactured by the method have not yet been accepted by a 
large part of consumers because of the problems in 
association with their flavor, strength of fibers, and cost. 

On the other hand, for the method of spin-molding 
proteins of animal meat such as the meat of fish or 
livestock, alkali-doping method similar in principle to the 
method used for manufacturing synthetic fibers such as 
viscose has been known well. According to alkali doping, 
curd consisting of animal protein is dissolved in alkali to 
prepare a protein solution for spin-molding, and the 
solution is extruded under pressure through a nozzle with 
multiple tiny orifices to form multiple thin threads of 
solution flows which are then poured into a bath filled with 
a protein denaturing solution containing acid and salt. 
However, the products obtained by this method are 

i 

problematic in their quality: the product gives a poor eat 
feel because of its substance being hard and brittle, and 
its taste and odor are disagreeable. The method has 
additional problems. According to the method, since the 
material must be dissolved in advance in alkali solution and 
then neutralized, additives can not be added to the material 
before the material is processed and cured into fibers. For 
example, if it is necessary to add a condiment for seasoning 




and a pigment for coloration to the material, the condiment 
and pigment must be added to the material by immersing, 
after the material is processed, cured and neutralized into 
fibers, the fibers in a bath filled with a solution 
containing the condiment and pigment. This sequence of 
procedures will take much time and lower work efficiency. 
Thus, the method is not yet put into practical use. There 
is also a traditional meat processing method used for 
obtaining fish meat noodle. This method consists of 
extruding fish meat paste which has been used primarily for 
the preparation of boiled fish meat paste (kamaboko) , 
through a nozzle with tiny orifices to produce the threads 
of fish meat which are then poured into neat hot water which 
contains no protein denaturing agent, to be hardened. The 
product consists of threads which, looking like ordinary 
wheat flour-based noodles, are thicker and more fragile than 
the ordinary noodles, and give an eat feel like that of 
kamaboko. The fish meat noodle is eaten as it is, and is 
not used as. a material in combination with other materials 
to produce food products, and thus it is, in that sense, 
quite different from the fiber-structured product having a 
muscle-like texture of this invention. Incidentally, 
recently so-called crab leg meat consisting of bundles of 
noodle-like threads of fish meat hardened by heating has 
been marketed. Preparation of this crab leg meat like 
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kamaboko consists of cutting a rectangular mass of boiled 
and hardened fish meat into thick threads to gather them 
into bundles, which are quite different from the food 
product obtained by the method of the invention which has a 
structure consisting of uniformly molded and cured fibers. 

The present invention aims to provide a method for 
manufacturing a fiber-structured food product via a novel 
and highly efficient process quite different from the 
conventional processes known heretofore, using, as a 
material, protein of the. meat of a marine animal or of 
livestock, to produce a fiber-structured food product 
consisting of long, slender fibers resembling the muscle 
fibers of an animal which is excellent in its quality: it 
gives a soft, elastic eat feel, and is flavorful and tasty. 
As a result of experiments/studies, the inventors found that 
the above object could be achieved by providing a method 
comprising adding salt to the meat of a marine animal or of 
livestock, mixing/kneading the meat into a paste, spin- 
molding the paste into a fibrous form by discharging it into 
an aqueous solution of a protein denaturing agent through a 
nozzle having fine pores so that the fibrous structure 
having a mechanical strength as desired is formed, washing 
the fibrous structure as needed, and heating the fibrous 
structure. They also found that the object could be 
achieved alternatively by providing a method comprising 
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11. 

adding salt to the meat of a marine animal or of livestock, 
mixing/kneading the meat into a paste, spin-molding the 
paste into a fibrous form by discharging it into edible oil 
through a nozzle having fine pores so that the fibrous 
structure is formed, and leaving the fibrous structure as it 
is, or warming or heating the fibrous structure as needed. 

The method of the invention will be further described 
in detail below* According to the invention, it is possible 
to use the meat of various marine and farm animals as a 
material. Suitable marine animals whose meat can be used as 
a material according to the inventive method may include, 
for white-meat and red-meat fishes combined, Alaska pollack, 
flatfish, mackerel, sardine, etc.; for Crustacea, shrimp, 
krill, etc.; for mollusks, squid, short-necked clam, etc.; 
and even marine mammals such as whales. The meat of a 
marine animal to be used according to the inventive method 
should be fresh or freshly thawed after being frozen, and 
chopped or ground to take the form of finely divided pieces. 
The farm animals whose meat is suitable for the inventive 
method may include cattle, pigs, horses, sheep, and various 
poultries such as chicken or the like. The meat of a farm 
animal is usually used after being ground. 

Meat from a single animal species may be used, or meat 
from two or more animal species may be used in combination 
as appropriate. When meat from two or more animal species 



is used in combination, those animal species may belong 
together to marine animals or to livestock, or some species 
belong to marine animals while the other to livestock. The 
choice of single animal species or two or more animal 
species in combination may be determined as appropriate 
according to the given purpose and expected eat feel of the 
product . 

To the meat chosen as above from a marine animal (s) or 
from livestock, salt is added, and the meat is mixed/kneaded 
into a paste. While the salted meat is mixed/kneaded, salt- 
soluble proteins of the meat dissolve in saline to turn the 
meat into a viscid paste. The paste is so viscid that even 
when it is stretched by pulling into a thin thread, the 
thread will not break apart. Thus, it is possible to 
process the paste into continuously extended fibers. Salt 
is added at 1 to 10% with respect to the weight of meat 
serving as a start material, preferably 2 to 4%. 
Mixing/kneading meat may be achieved by any mixer ordinarily 
used for mixing/ kneading the meat of marine animals or 
livestock including, for example, a silent cutter or beater. 

During the addition of salt or mixing/kneading of the 
meat, various food additives may be added as needed. For 
example, additives such as starch including corn starch, 
wheat flour, potato starch, etc.; synthetic or natural 
seasoning such as sodium glutamate; spice; aroma; pigment; 



and fat and vegetable protein may be added so as to confer a 
desired eat feel and property to the product. If it is 
desirable for the product to have an additional content of 
oil, vegetable oil such as salad oil or purified cooking oil, 
or animal fat such as lard may be added. Those additives 
can be added, in total, up to about 30% with respect to the 
weight of the meat without affecting the quality of the 
final fiber-structured product. 

The meat paste obtained by adding salt to the meat of a 
marine animal or of livestock and then an additive or 
several additives in combination as needed thereto and 
mixing/kneading the salted meat is preferably stirred in a 
vacuum mixer so that the paste becomes a uniform mass being 
devoid of air bubbles. Next, the meat paste is extruded 
under pressure as needed through a nozzle having fine pores 
in order to spin-mold the paste into a fibrous form by 
discharging it into an aqueous solution of a protein 
denaturing agent. Suitable nozzles may include metal 
nozzles with tiny orifices having an internal diameter of 1 
mm or less, preferably 0.05 to 0.5 mm. 

The meat paste is extruded through a nozzle into fibers 
which are then discharged into an aqueous solution of a 
protein denaturing agent. As preferable aqueous solutions 
of a protein denaturing agent, may be cited aqueous 
solutions of alum or ethyl alcohol, or mixed solutions of 
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salt and acid. Suitable alum may include aluminum potassium 
sulfate which is commonly used. Besides, aluminum ammonium 
sulfate or anhydrous aluminum potassium sulfate both of 
which are officially accepted as food additives may be used. 
Alum may be added at 0.1 to 20%, preferably at 0.5 to 5.0%. 
When ethyl alcohol is used, its concentration in water 
should be lower than the concentration it takes when it is 
used for dehydration or deprivation of fat. Ethyl alcohol 
is preferably added at 40 to 80%. 

If a protein denaturing agent were added to give a 
concentration lower than the above range, its protein 
denaturing effect would be insufficient, and it would be 
difficult to obtain a fiber-structured product having a 
satisfactory property and eat feel. On the contrary, if the 
concentration of a protein denaturing agent were above the 
above range, the fibrous texture of product would become so 
hard and brittle as to give a disagreeable eat feel, and its 
taste would be also impaired. 

If a mixed aqueous solution of salt and acid is used as 
a protein denaturing agent, salt is added at 15 wt% or more. 
Suitable acids may include inorganic acids such as 
hydrochloric acid, phosphoric acid, and the like, and 
organic acids such as acetic acid, citric acid, and the like. 
Acid should be added to water such that the pH of the 
resulting solution is in the range of pH3.0 to 5.0. To the 
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mixed aqueous solution of salt and acid, salts such as 
sodium acetate, sodium citrate or the like may be further 
added to serve as a buffering agent. 

The aqueous solution of a protein denaturing agent is 
usually used at normal temperature, but may be heated as 
needed. Meat paste extruded in the form of fibers from a 
nozzle is poured in the protein denaturing solution where 
the fibers are rapidly coagulated to form a uniform fibrous 
structure. If it is desired to obtain a hard fiber- 
structured product, this is achieved only by extending the 
time during which the fibers are immersed in the protein 
denaturing solution. Adjustment of the coagulation of 
protein or strength of meat fibers can be achieved by 
choosing appropriate coagulating conditions according to the 
meat fibers, that is, by choosing as appropriate the size of 
orifices of a nozzle, extruding pressure, kinds of protein 
denaturing agent, and concentration of the protein 
denaturing solution, its temperature, and duration at which 
the fibers are immersed in the solution, etc. Being thus 
spin-molded in the protein denaturing solution, meat fibers 
turn into a uniform fibrous structure. The structure may be 
washed with water as needed and further heated so that 
protein of the structure is coagulated by heating. Heating 
of the fibrous structure may be achieved by any heating 
method including, for example, heating in a water bath, 
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heating in steam, RF radiation-based heating, and others. 
Thus, the uniform fibrous structure is washed with water, 
and heated to be hardened into a fiber-structured food 
product . 

According to the inventive method, it is also possible 
to use edible oil for coagulating meat fibers instead of an 
aqueous solution of a protein denaturing agent. According 
to this method, salt, or salt and various additives are 
added to the meat of a marine animal or of livestock serving 
as a material, the salted and/or seasoned meat is 
mixed/kneaded into a paste, and the paste is extruded 
through a nozzle with tiny orifices having a diameter of 1 
mm or less, preferably 0.05 to 0.5 mm, into fibers which are 
then poured into edible oil so that surface protein of the 
fiber is altered so much as to be hardened which results in 
the formation of a uniform fibrous structure. Suitable 
edible oil may usually include, for example, vegetable oil 
such as salad oil or purified cooking oil which is liquid at 
normal temperature, or animal fat such as lard which is 
solid at normal temperature. The animal fat may be used 
after it is made liquid by warming. Meat fibers are 
immersed in edible oil usually for 2 sec to 2 hours, 
preferably 1 to 50 minutes. Meat fibers may be immediately 
used as a food product after being immersed in edible oil, 
or may be left for a certain period before they are used as 



a food product, or they may be warmed or heated before they 
are used as a food product, as needed. 

The meat fibers prepared as above to serve as a food 
product are thin elastic fibers whose mechanical strength is 
so high that continuous collection of 'the fibers can be 
achieved by winding them around a roll without breaking them 
during operation. Thus, those meat fibers can be 
effectively produced continuously by a roll-up method 
instead of discontinuously by a batch method. 

Moreover, according to the inventive method, it is also 
possible to freely control the degree of the protein 
denaturaion of meat, which means to control the strength and 
elasticity of meat fibers, etc., by varying necessary 
parameters involved in the procedures for spin-molding of 
fibers. Meat fibers obtained as above, in contrast with 
fibers prepared from vegetable protein, is free from 
disagreeable taste and odor characteristic with vegetable 
protein. Furthermore, in contrast with meat fibers prepared 
by alkali doping, the meat fibers obtained by the inventive 
method are free from any acid and alkali taste, and provide 
excellent food products that far exceed in quality 
corresponding conventional food products: they have a good 
flavor and attractive luster, are similar in morphology to 
the muscle fibers of a game animal, and give the same eat 
feel that will be experienced when the meat of a game animal 
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is bitten, an eat feel reminiscent of the muscle of animal 
which is soft, elastic, flexible, and exhibits a springy 
resistance to bite. The inventive method is also 
advantageous in that it allows the addition of additives 
during the time at which meat material is mixed/ kneaded, 
because then the loss of additives as a result of meat 
fibers being immersed in protein denaturing solution or in 
edible oil can be minimized. Furthermore, since the 
inventive method does not involve the use of alkali, it does 
not require a neutralization step which will lead to the 
efficient use of natural resources and energy. 

Thus, it is possible by taking animal protein and spin- 
molding it into a fibrous structure comprising thin fibers 
according to the inventive method, to efficiently provide a 
fiber-structured food product high in quality. The present 
invention, therefore, can provide a truly effective method 
for manufacturing a fiber-structured food product. 

The present invention will be further detailed below by 
means of Comparative Example and Examples. 
Comparative Example. 

Ground meat of Alaska pollack was treated in three 
different manners: salt was added to the ground meat at 
2.5% (salted ground meat samples A and B) , and 20% aqueous 
solution of sodium hydroxide was added to the ground meat at 
1.5% so that the pH of the meat became pH10.5 (alkali- 
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gelatinized meat sample C) . To all the samples, a chemical 
seasoning was added at 2%. 

The samples were extruded through a nozzle with 
orifices having a diameter of 0.5 mm, and the resulting 
fibers were coagulated, washed and heated as shown in Table 
1 below. 



Table 1 



Sample 


Treatment 


A. salted paste 


Coagulated in 1% potassium alum sol.-> 
boiled in 95°C water -> dewatered 


B. salted paste 


Hardened in 95°C water -> dewatered 


C. alkali- 
gelatinized paste 


Coagulated in acid sol. (pH 3.9) 
containing 1% acetic acid, 0.3% sodium 
acetate and 5% salt -> water wash -> 
boiled in 95°C water -> dehydration 



The evaluation results of the quality of three samples 
are as shown in Table 2 below. Sample A (prepared according 
to the inventive method) had an adequate hardness, exhibits 
an elastic resistance to bite, and gives an agreeable flavor. 
Sample B was very soft in texture, and had no fibrous touch, 
giving only a poor eat feel. Sample C was brittle, gave a 
very poor eat feel, and was tasteless. 
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Table 2 



Food 
sample 


Eat feel 


Flavor 


Tensile 
strength 

(g) 


A 


Adequate hardness, 
elastic, & good 
resistance to bite 


Good 


23 


B 


Very soft, & no 
fibrous touch 


Fair 


<1 


C 


Hard & brittle 


Tasteless 


41 



The tensile strength was determined using a rheometer 
(Fudo Industrial Co.) as follows: for each sample, a bundle 
of eight fibers were fixed to an adapter such that a 2 cm 
long stretch of the bundle was subjected to pulling, and a 
sample platform was moved at a rate of 20 cm/min until the 
bundle was broken apart, and the stress (g per one fiber) 
was taken as representative of the tensile strength of the 
fiber sample. The tensile strength values of the fiber 
samples correlated with their evaluation results given by 
human testers with regard to their eat feel as shown in 
Table 3 below. 



Tensile strength 



Table 3 



Eat feel based on tester's sensation 
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(g) 




<5 


Soft, poor fibrous touch 


5-15 


Slightly soft, adequate fibrous touch, 
agreeable 


16 ~ 35 


Slightly hard, strong fibrous touch, 
agreeable 


35< 


Hard, strong fibrous touch, poor eat 
feel 



Example 1 

To 100 kg of chopped meat of Alaska pollack, 3 kg of 
salt was added, and the resulting mass was mixed/kneaded 
with a vacuum silent cutter to form a paste. The paste was 
extruded under pressure through a gunmetal nozzle with 
multiple orifices having a diameter of 0.3 mm to form fibers 
which were then poured into a 1.5% aqueous solution of alum 
(aluminum potassium sulfate) and allowed to stay there for 
100 sec to be coagulated. The coagulated fibers were rinsed 
with water to give 98.5 kg of a fiber-structured food 
product. The fiber-structured product consisted of 
beautiful, white, slender fibers looking like the fibers of 
crab's leg muscles. The product was mixed with salad. The 
salad was eaten by a panel of 22 testers who evaluated the 
taste of salad, particularly the eat feel of the fiber- 
structured product therein based on their sensation. A 
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comparative salad was similarly prepared using real crab 
meat commercially available. The two evaluation results 
were compared as shown in Table 4 below. As seen from the 
results, the salad based on the fibrous meat of the 
invention was evaluated by the testers as good as the 
comparative salad based on real crab meat. 



Table 4 





Number of testers in favor of 
salad in the left column 


Salad based on real crab meat 


12 


Salad based on fibrous meat 
of the invention 


10 



Example 2 

Four different combinations of materials as shown in 
Table 5 were mixed/kneaded with a silent cutter, and 
deaerated with a vacuum cutter. Thus, four kinds of salted 
pastes were obtained. 



Table 5 



Material 


A 


B 


C 


D 


Ground meat of 
Alaska pollack 


40 


70 




60 


Chopped meat, of 


30 


26 
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mackerel 










Minced pork 




— — 


40 





Minced mutton 







50 


30 


Separated 
Soybean protein 


10 








3 


Corn starch 


3 


— 







3 


Soybean oil 


14 




6 




Pigment 


0.5 


0.7 




0.5 


Seasoning 


0.5 


0.5 


0.5 


0.9 


Salt 


2.0 


2.8 


3.5 


2.6 



Each meat paste having a composition as described above 
was extruded through a nozzle with orifices having a 
diameter of 0.5 mm to form fibers which were then poured 
into an aqueous solution of a protein denaturing agent as 
described in Table 6 below, and was allowed to stay there 
for 5 minutes to be coagulated. The coagulated fibers were 
rinsed with water to give a fiber-structured food product. 
Some of the fiber-structured food products were further 
heated by being immersed for 5 minutes in a water bath 
filled with hot water and then cooled by being immersed for 
3 minutes in a water bath filled with cold water. In a 
separate run, meat pastes having a composition as described 
above were similarly extruded to form fibers which were then 
poured into hot water kept at 95°C to produce fiber- 
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structured products which served as control. The tensile 
strength of each product was determined with a rheometer, 
and the measurement results are listed in Table 6 below. 



Table 6. Tensile strength (g) of fibers 



Protein 
modifier sol. 


Before heating 


After heating 


Modifier 


a 
"o 


A 


B 


C 


D 


A 


B 


C 


D 


K alum 


l 


7 


8 


5 


6 


18 


21 


13 


14 


Ethyl 
alcohol 


50 


20 


21 


14 


16 


18 


20 


13 


14 


Salt 


20 


31 


35 


22 


25 


27 


33 


19 


22 


Acetic 
acid 


1 


Sodium 
acetate 


0.3 


Salt 


16 


30 


33 


22 


24 


26 


28 


18 


21 


Citric 
acid 


0.3 


Control 
(95°C 
water) 


0 










1.5 


2 


1 


1 



In contrast with the control product which did not 
exhibit any fibrous touch and gave only a very frail eat 
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feel, both unheated and heated fiber-structured products 
prepared according to the inventive method exhibited an 
adequate resistance to bite and distinct fibrous touch, and 
gave an agreeable eat feel. 
Example 3 

Meat paste having a composition similar to paste A of 
Example 2 was extruded through a plate with 100 orifices 
having a diameter of 0.3 mm to form fibers which were then 
poured into a 2% aqueous solution of burnt alum kept at 30°C 
and allowed to stay there for 30 sec to be coagulated. The 
coagulated fibers were then rinsed with water to give an 
unheated fiber-structured food product. 

Some of the unheated fiber-structured food products 
were heated by being immersed in boiling water for 3 minutes. 

The unheated or heated product was chopped with a 
chopper to produce coarsely minced meat. The minced meat 
was combined with other ingredients as shown in Table 7 to 
produce a meat-based food product resembling canned corn 
beef commercially available. The meat-based food product of 
the invention was compared with canned corn beef 
commercially available based on the sensation-dependent 
evaluation given by human testers. The results are as shown 
in Table 8. 

Table 7. Composition (%) of canned corned beef-like products 
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Ingredients 


I 


II 


Unheated fiber product 


70 





Heated fiber product 


— 


70 


Purified beef suet 


24 


24 


Sugar 


3 


3 


Seasoning 


2 


2 


Spice 


0.5 


0.5 


Emulsif ier 


0.5 


0.5 



Table 8. Evaluation results based on human sensation 
(Averaged scores given based on a 10 point scale) 



Test sample 


Appearance 


Eat feel 


Flavor 


Inventive product I 


7 


8 


8 


Inventive product II 


8 


9 


8 


Commercially available 
Canned corned beef 


8 


8 


7 



Example 4 

To. 5 kg of raw stripped meat of krill and 1 kg of mixed 
meat of shrimp, were added 200 g of salt, 100 g of seasoning, 
and 150 g of starch powder, and the resulting mass was 
mixed/kneaded with a beater into a paste. The paste was 
extruded through a plate with 100 orifices having a diameter 
of 0.5 mm to form fibers -which were then poured into soybean 
oil kept at 90°C and allowed to stay there for 3 minutes to 
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be gelatinized. Some of the gelatinized fiber products were 
further heated by being immersed in soybean oil kept at 
130°C for 2 minutes. For each of the gelatinized unheated 
product and gelatinized heated product, a 3 kg sample was 
obtained. 

The gelatinized unheated fiber product gave a slightly 
soft eat feel while the gelatinized heated fiber product 
gave a slightly hard eat feel. Both of them exhibited a 
good flavor. When measured with a rheometer, the tensile 
strength of the former was 9 g while the corresponding value 
of the latter was 15 g. 
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